Good norning everyone, | am Edgar Martinez, Program Manager for the
M crosystens Technology O fice. Today, it is ny pleasure to dedicate
the next few minutes talking to you about transformations in future
mlitary systenms through innovations in semnm conductor nmaterials and
devi ces.

More specifically, | would like to talk about Gallium Nitride and
rel ated wi de bandgap conpound semi conductors.

But before we start talking about the properties of these materials and
its inpact in future mlitary systens, lets spend a few mnutes talking
about anot her DARPA success story.

During the [ast two decades, DARPA has been instrunental in devel oping
conpound sem conduct or technol ogi es, including GaAs and InP for anal og,
digital, and optical applications. Projects such as, MMC, MAFET, and
the GaAs Insertion Prograns, which were focused in the devel opnent of
m crowave, millimeter wave, digital, and m xed signal components have
enabl ed many of today's military radar, comunications, and el ectronic
survei |l |l ance sensors.

Al'l these projects have provided the departnent of defense with an
i ndustrial base for affordable nilitary conponents while notivating new
opportunities in today's comercial markets.

However, this technology transitioned fromthe nmlitary industry to
today's commercial narkets naterialized just recently after the
conmuni cation industry realized the benefits of what several decades
ago was considered to be a mlitary unique technol ogy.

Last year alone, the sem conductor industry reported an unprecedented
11 billion dollars in sales of conpound sem conductors. This figure
corresponds to a 36% increase in sales fromthe previous year

This is attributed to the rapid expansion of the wreless comunication
mar ket wor | dwi de.

The bottomline is, what yesterday was considered to be a unique
mlitary challenge, it becane today' conmercial reality.

Al t hough significant progress in conpound sem conductor materials and
devi ce technol ogi es was made during the MM C and MAFET er as,

gl obal i zati on, emerging threats, and new nilitary system concepts are
driving conmponent requirenents to the point of which comerci al
technology fails to nmeet current mlitary needs.

For exanple, many future military systens will require anal og
conponents with power densities higher than those achievable with
today's GaAs mi c technol ogy.

In addition, requirenents for nore bandwi dth, higher linearity, higher
efficiency, and | ower-noise performance will transform active sensors
to see further with inproved clarity. |In order to neet this increasing
demand i n conponent performance, we nust consider all options with
respect to nmaterials and devices.



Silicon (Si), despite its advantages of |arge substrates and high
integration densities, lacks the perfornance for very high frequency
and hi gh power anal og applicati ons.

GaAs- and | nP-based conpound seni conductors, which possess sonewhat
different material properties than Si, are nore suitable for anal og,
very high speed, and m xed signal applications.

But because their bandgap properties limt conponent power and
efficiency, these materials usually require very | arge-area devices
that could often result in low yield, and high cost conponents.

On the other hand, GaN and wi de bandgap semni conductors have at | east
2.5 times |l arger bandgap and at least three tines higher electron
saturation velocity than GaAs, allowi ng devices to sustain two orders
of magni tude hi gher voltage | evels than any ot her conpound

seni conduct or devi ce.

These properties make these materials ideal for very high power, |ow
noi se, hi gh dynam c range anal og and m xed signal applications.

However, Mother Nature is not always kind to technol ogy.

As to date, the denopnstration of GaN conponents is linmted by poor
materials and poorly controlled fabrication processes.

Today's substrate technology is considered to be one of the biggest
i npedi ments in the denonstration of el ectronic devices.

Unli ke traditional sem conductor materials such as, Si, GaAs, and InP
GaN does not possess a native substrate that perfectly matches its
| atti ce constant.

So far the "brute force" approach is to use alternate substrates
resulting in devices with far bel ow t heoretical perfornance.

Recent breakthroughs in crystal growth technol ogy indicates the
potential to develop | arger area GaN substrates that could help
overcome the linmitations inposed by heteroepitaxial growth techniques
in highly msnatched naterial systens.

In addition to these substrate issues, unprecedented high tenperature
processes are required for the growth of high-quality materials,
creating a new set of challenges unique to this technol ogy.

Overcom ng these challenges is critical in controlling the nateri al
quality and the reproducibility of electronic and optical devices.

Only after overconming these technical limtations in material growh
and processes, we nust be able to realize the full potential of GaN and
rel ated conpound seni conductors, enabling the denonstration of a new
class of electrical and optical devices with superior perfornmance
conpared to its current Si and GaAs counterparts.

Conparing the state of practice of solid-state power anplifiers, we
nmust realize that we have reached the fundanental performance limts of
GaAs technol ogy. Under these limts, we have provided solid-state



solutions to many mlitary systems such as radar arrays, satellite
conmuni cati ons, and smart weapon seekers.

Above these limts, power combining techni ques and vacuum el ectronics
are comonly used to provide the required output power.

However, such systens are usually inefficient, bulky, costly, and |ess
reliable. Successful devel opnent of GaN technol ogy coul d extend by
hundred tines the performance range of current solid- state amplifiers
and well into the regine currently addressed by vacuum el ectronics.

The devel opnent of this technology is considered to be high risk, but
likewise with a higher payoff.

This is why DARPA is focusing in conprehensive initiatives for the
devel opnent of GaN and rel ated wi de bandgap sem conductor technol ogies
for photonic and anal og applicati ons.

Qur initiatives require well-defined and focused efforts in the areas
of materials and devices.

The material technology thrust is helping us to advance the state of
practice of bulk crystals enabling the fabrication of |ow cost, |arge
area, high quality substrates suitable for the growmh of GaN and

rel ated wi de bandgap seniconductors. In addition to substrate

technol ogy, we are focusing in denonstrating innovative epitaxial
processes and techniques for inproving material quality and device
per f or mance.

This thrust includes processes that will result in highly uniform and
reproduci bl e epitaxial layers with | ow background inmpurities but proper
dopi ng concentrati ons.

In the device technol ogy area, our interest extends to the optinization
of structures for devices w th unique performance.

These devices will enable innovative component denonstrations for
vari ous sel ected applications.

Qur | ast focus area addresses the heterogeneous integration of GN
devices with other electronic nmaterials and devices to form
m crosystens w th uni que capabilities.

Qur strategy ... is to manage ... risk!!!

We nust learn the trade-off between naterials, devices, and encl osure
properties for optinmm conponent performance.

In order to acconplish our mission, we nust require multi-disciplinary
teans capable to address these challenges while translating information

at all levels of the "technol ogy food-chain", creating a good bal ance
bet ween t echnol ogy push and application pull. W are currently
| ever agi ng experience from previous devel opments --- minimzing

technol ogi cal re-invention while speeding up progress.



We are also |l everagi ng know edge, naterials, expertise, and resources
fromthe energing commercial sector that is currently focusing in
devel opi ng these materials for |ess denmandi ng optical applications.

The end result is the sharing of conmercial resources to achieve the
econony of scale required for affordable mlitary conponents.

Successful denmonstration of anal og GaN i ntegrated conmponents with

hi gher power densities, higher efficiencies, and | ower noise figures,
will create new opportunities in multifunctional RF systens, radar

el ectroni c surveillance, high-speed conmuni cations, electronic warfare,
and snart weapon systens.

A recent break-through at the University of California at Santa Barbara
has denonstrated the ability of these materials to achieve ten tines
hi gher power densities over the best GaAs device as to date.

This proof that indeed GaN and wi de bandgap seni conductor devices can
operate at higher voltages, and higher power densities enabling smaller
and nore efficient conponents which eventually will result in the
reducti on of systemsize, cooling requirenents, and ultimtely system
cost.

In addition, inmprovenents in output power will result in |onger sensor
range and broader operational bandw dth, enabling nmulti-functiona
apertures.

Antici pated i nprovenents in conmponent linearity and noi se performance
will enable the sensor ability to track slow noving targets in heavy
clutter or in the presence of eneny janm ng.

Though the properties of GaN and rel ated w de bandgap seni conduct or
materials are suitable for anal og el ectronics, the bandgap properties
of these materials make themideal and desirable for many optica
applications as well.

Wth proper bandgap engi neering, these materials could emt and sense
wavel engths in the visible and ultra-violet regions of the electro-
magneti c spectrum

Today, DARPA is pursuing the optimzation of alumnumagalliumnitride
materials for the denonstration of ultra-violet photo-diodes.

These devices will enable a new class of photo-detectors capable to
operate in the solar-blind region of the el ectro-nagnetic spectrum

Qur challenges include the ability to grow high al um numnole fraction
materials with bandgaps suitable for detecting wavel engths between 280
and to 260 nm

In addition to the denonstration of these naterials, the ability to
achi eve consistent device uniformty over large areas allows the
denonstration of focal plane array integrated circuits.

Eventual |y, the integration of these focal plane arrays wth proper
readout electronics will lead us to the denonstrati on of conpact and



| ow cost inmaging systenms capable of detecting airborne mssiles at
noder at e range.

Today's UV solar blind detection capabilities are inplemented with
photo-mul tiplier technology, which is considered to be bul ky, fragile,
and too expensive for many mlitary platforns. Successful denonstration
of Al GaN detectors could lead to six hundred tinme inprovenents in
system performance, volune, and cost. These detectors could be al so
integrated with multi-spectral infrared i magers for all weather

mssile early threat warning capabilities.

In addition to these mlitary unique applications, other potenti al
opportunities for this technol ogy can be envisioned in bio-defense,
engi ne nonitoring, flane and combustion control

It is also anticipated that the comrercial denand for GaN and rel at ed
wi de bandgap sem - conductor naterials, devices, and conponents wil|l

i ncrease exponentially during this decade. with a market forecast
exceeding $5 billion dollars in sales by the year 2010.

Many of these conmercial opportunities will be created as a result of
advances in naterials and devices for the | ess denandi ng opti cal
applications including traffic control, large area full col or displays,
aut onotive, nedical, illunm nation, and consumer el ectronics such as
mass data storage and wirel ess communi cati ons.

Though our interest is not in pursuing these comercial opportunities,
the | everage that we can get fromthese applications will provide the
department of defense with the economi es of scale required for
affordable mlitary systens.

But lets keep in nmind that the commercial naterial requirenents are not
going to match our mlitary needs.

So let's remenber that in the past DARPA has been instrunental in
devel opi ng conpound semn conductor technol ogi es that have enabl ed
affordable mlitary sensor and conmuni cation systens.

Al t hough twenty years ago GaAs was considered to be a military unique
chal | enge, today it has becone a comercial reality.

As we stand here today, we can see history alnost repeating itself. &GN
and rel ated wi de bandgap naterials are emergi ng as obvi ous candi dat es
to address many of the current military unique requirenments that are

i npossible to neet with today's conmmercial technol ogies.

In order to harness the potential benefits of this technol ogy, we nust
overcome the fundamental nmaterial and device chall enges that are
currently linmting technical progress. It is inportant that we focus
our attention on conprehensi ve devel opnent efforts ... to ensure
advances in technology and to effectively transition ideas fromthe
research |l aboratory to fielded systens in the shortest tine possible.

Finally, the transformation of future military systens will be expected
as YOU hel p DARPA creates technol ogy innovations with GaN materi al s,
devi ces, and conponents.



Thanks for your attention and enjoy the rest of DARPATech.



